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ABSTRACT 

Observations with a high resolving capability are closest  

t o  hot surface and cold atmosphere model. According t o  the latter, 

the temperature of planet's hard surface mustbe near 600° K , and 

tha t  of the atmosphere drops sharply t o  23.4' K 

of the cloud cover. The model assumes a l so  the presence of high 

pressures (from 20 t o  100 atmospheres) 

i n  the upper lqmrs 

near the surface. 

Observations o f  Venus' radio emission in the 3.02 cm wave- 

length were conducted in the Main Astronomical Observatory of the 

USSR Acadew of Sciences in October-November 1962. The large Pulkovo 

* 
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radiotelescope, provided with a variable-profile antenna (VPA) , was 

used t o  tha t  e f fec t  11). The measurements aimed a t  estimating the cha- 

racter  of radiobrightness distribution, making use of the high resolving 

capability of the ITPA. 

Frequency of the space harmonic ii(r! 

Fig. 1. Space frequency spectrum of radiobrightness 
distribution T (x) . 117',=6 (x- i ' /2 )  + 6 (x + I/@); 2 - T, = I 

at x<i'/2, T B = O  & x>i ' f2 ;  3 - T B =  11'/2-xI dt X g l ' f 2 ,  

T,= 0 flt X > l %  

The principal possibi l i t ies  of obtaining informations on the 

distribution of radiobrightness can be seen from Fig. 1. The curves 1, 

2, 3 are space frequency spectra [2] of various radiobrightness dis- 

tr ibutions f o r  several conceivable models : two poinii swuiTCc5 G% t he  

distance 11, a uniformly bright disk of the same! diameter and a disk 

with linear brightness drop from the center t o  the edge. Acting as a 

space frequency filter, the VPA allows the investigation a t  the 3.02 cm 

wavelength a l l  the space frequencies through W =  D/A = 3500. The pm- 

cis ion in the determination of harmonics' amplitudes i s  defined by the 



. 
accuracy of knowledge of antenna filter "frequency characteristic" 

o r  antenna radiation pattern and signal t o  noise rat io .  In  order t o  

increase the l a t t e r ,  a radiometer with a one-circuit parametlric 

amplifier near 200 mc/s, the noise temperature of the radiometer with 

the antenna being near 500°K and a sensi t ivi ty  f o r  antenna temperature 

near o.o?O with a 1,6 S. time constant, was constructed by the Main 

Astronomical Observatory of the USSR Academy of Sciences a t  Pulkovo 

(GAO A. N. SSSR) . 
I n  order t o  determine with maximum precision the radiotelesco- 

pels radiation pattern i n  the hofizontal cross section, the f i e ld  

distribution i n  antenna aperture was investigated. The phase errors in 

the aperture were carefully measured with the a i d  of  an invar measu- 

ring wim, and eliminated with a precision t o  u1/30 A. 

distribution o f  the irradiation f ie ld  in the aperture was determined 

by noise signal generator shifted along the median l ine of VPA shields. 

The usual electrodynamic calculation (in our case one-dimensional) 

a l lomd t o  determine the shape of the pattern, Its width by half power 

leve l  resu l ted  equal t o  1'20 f 0'03 , which practically coincides w i t h  

the usually admitted value 1.2 

- 20 db l eve l  is 3'1 2 O!Ob. 

The amplitude 

/D: the pattern's  dimension by the - 

The observations were conducted i n  the meridian. The position 

of the primary radiating element relative t o  the symmetry plane of the 

VPA was controlled by geodesy with a precision t o  f 0.05 mm , which 

corresponds t o  a s h i f t  by 22"  of the pattern in the slqy. 
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Pig. 2 

Sample of Venus passage 
regis t ra t ion on 16 Dec.1962 

A sample of the curve of 

Venus passing through the radiation 

pattern is  plotted in Fig. 2. 

The averaged curve of passage 

during 1.5’ days near the h e r  conjunc- 

t ion is  shown in Fig. 3.  A careful 

processing of the observations 

allowed the reaching of  the following conclusions. 

Fig. 3 - Averaged curve of Venus passage. &day average. 
T = 1.5 . A- 3.02 cm 

1. The discrepancy between the temperature obtained by optical  

cu.zu ---, ---=--+-;--l .L ---..- -- -- - m e t . h ~ d s  cannot be explained by the presence of power- 

~-LCL radiation be l t s  similarly t o  what takes place on Jupiter E3J. 

The radio  emission flux from a region of radius R - 6 B e  does not 

exceed 3 percent of  the radiation flux linked with the visible planet 

disk.  The decrease in  the assumed dimension o f  radiating be l t s  leads 

t o  s t i l l  lower limits. 
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2. Radio emission i s  pract ical ly  absent a t  the distance of 

1.07 R 9 from the center of h a n e t ' s  disk, i. e. the height of the 

radio-emitting region does not exceed 420 lun above the Venus' cloud 

cover. 

3 .  The results of measurements of the effective dimensions of 

Venus are brought out in Fig. 4. Here the values of the parameter 62 

of the Gaussian curve exp ( - x 2 2  /6i), representing the real distribu- 

t i on  of radiobrightness in such a way t ha t  t h i s  Gaussian curve provides 

the same widening of the radiation pattern as the real brightness d i s -  

tribution. The sol id  line shows the dependence of the width of the 

passage curve on Qi at various assumptions about radiobrightness 

distribution. 

/ 

A s  may be seen from Fig. 4, the observed width of Venus' passage 

curve obviously does not agree with the hypotheses forecasting brightness 
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increase toward the limb of Planet Venus (semi-transparent ionosphere 

[4] , hypothses of microdischarges in the atmosphere [a etc.) The 

observed width i s  somewhat l e s s  than what follows from the assumption of 

hard surface emission from the planet w i t h  e =  4. (A still  greater 

discrepancy with a model of isothermic, optically-thick ionosphere o r  

atmosphere, and a l so  hard-surface with 2- 1.) If t h i s  difference is  

real ,  i. e. if a perceptible darkening takes place toward the limb, it 

m a y  be explained by the absorption of surface (or near-surface layer) 

radiation in a cold atmosphere [ 6 -  81. However, further observations 

with a great resolving capability are necessary f o r  a quantitative e s t i -  

mate of this effect .  Desirable also are observations of t ha t  e f fec t  a t  

shorter wavelengths, where it m a y  be stronger. 

4. The attempt t o  determine the phase course of radio tempera- 

ture by radio emission's center of gravity displacement brought negative 

results.  With a variation from 0 t o  0.1 of the share of illuminated 

surface, the shift of the coordinates of radio emission's center of gre- 

v i ty  constituted 0.012 0.13 S O  Hence we may conclude tha t  the amplitu- 

de of the variable component of Venus' brightness temperature in the 

3.u~ cm waveiengzh aoes r i v i  exceed LIU 11 t ~ ~ u u I l a u u ~ 6  Q u  J l u  uLc 

mean temperature of the u n l i t  disk). This agrees w e l l  with the data by 

Kuz'min and Salomonovich [ 9 ]  and definitely does not w i t h  the l a t e s t  

data by Li l ly  [7]. 

---fin., I I - - A > - - -  -L <-ne TT ,! 

I n  short, w e  m a y  s ta te  that observations with a high resolution 

are nearest t o  hot surface and colad atmosphere model. According t o  the 
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the temperature of planet’s hard surface i s  near 600°K, 

the atmosphere drops sharply t o  23L0R 9n the upper lqers of  the cloud 

cover, The model assumes a l s o  the presence of high pressures (from 20 

t o  100 atmospheres) near the surface. 

and tha t  of 

P lane t  observations with the a i d  of radiotelescopes of high 

resolving capability provide a very valuable information on physical 

conditions on planets. This information i s  i n  m a n y  cases impossible t o  

obtain while studying planet r ad io  emission. I n  this case it is  necessary 

t o  eJ ther  have recourse t o  rocket observations, or t o  ground observations 

With a substantially lesser  resolution ( less than 11 ) . Such resolution 

is  d i f f i cu l t  t o  attain with the a id  of usual paraboloids [l]. The pre- 

cision of the instal la t ion and the quali ty of VPA surface f o r  a sub- 

sequent increase of resolving capability in sharter wavelengths i s  marked 

f o r  substantial improvement ih- the -plllkovo M a i n ,  Gbsematory of L l e  USSR 

Academy of Sciences. 

The authors express their gratitude t o  N. Korney-eva and M. E l l i a s  

f o r  t he i r  help in processing the results of observations. 

Translated by ANDRE L. RRICHANT 

for the 

NATIONAL AERONAUTICS AND SPACE ADMTNISTUTION 
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